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A Preliminary Summary of the Results of the Experiinental 

Treatment of Trypanosomiasis in Rats. 

By H. G. Plimmek, F.L.S., and J. D. Thomson, M.B., CM. 
(Communicated by Sir Eay Lankester, K.C.B., F.R.S. Received July 20, 1907.) 

The experiments of which the following note is an abstract have been 
undertaken under the direction of the Tropical Diseases Committee of the 
Eoyal Society. 

The strains of trypanosomes which have been used in these experiments 
are a I^agana from the original strain brought to England, and a Surra from 
Professor Lingard in India. The JSTagana strain kills rats in an average time 
of 5*5 days, and the Surra strain in 6*9 days. 

Ghinolin Compounds. 
The knowledge of the action of quinine in malaria suggested the trial of 
various chinolin compounds. As is well known, quinine itself has no 
influence in trypanosomiasis. Cyanin was the substance first tried, as this 
in extremely dilute solutions (1 — 10,000) is very poisonous to trypanosomes 
outside the body. A series of .Nagana and Surra rats were given doses of 
from -^ to 1 milligramme (which is a poisonous dose for small rats), but all of 
these died about the same time as the controls, and in every case the 
trypanosomes had increased in the usual manner, so that at death the blood 
was as swarming with trypanosomes as if no treatment had been used. 
Messrs. Bayer and Co., of Elberfeld, kindly placed at our disposal nine 
chinolin and chinaldin compounds and six *' cyanin farbstoffe," but none of 
these produced any effect on the development or course of the diseases. 

Diehlorohenzidine + Acid H. 
This substance, w^hich was first used by Mcolle in trypanosomiasis of mice, 
was found, when used both on mice and rats, to lengthen the course of the 
diseases, but in no case was the extension of the course of the disease very 
marked. Nagana mice, after one dose of 1 c.c. of a 1-per-cent. solution, lived 
from 8 to 11 days, and Surra mice from 10 to 16 days, one living as long as 
29 days ; in N"agana rats the disease was prolonged to an average time of 
14 days, and in Surra to an average of 16 days. In all the animals treated 
with this substance the spleen and liver were very much enlarged, and living 
trypanosomes were found jpost mortem, showing that the substance had not 
practically influenced the pathological processes. In no case was the 
substance completely absorbed. 
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Tryijanroth. 

This was discovered and first used by Ehrlich. When used alone it 
lengthened the course of the disease in both JSTagana and ^ Surra to about 
14 days, but in all cases the spleen was found to be as much enlarged as in 
the control, and living trypanosomes were invariably found post mortem. 

Arsenious Acid. 

This was used at first simply dissolved in water, and later, in order to try to 
avoid the irritation and sloughing invariably produced, in a solution slightly 
'Over-neutralised with carbonate of soda. When injected before the fourth 
day of Nagana and Surra, arsenious acid caused the disappearance of the try- 
panosomes from the blood, but they invariably recurred before death. It was 
given in doses of 1 milligramme, and one rat lived as long as 26 days, two to 
16 days, and one to 17 days, each of these rats having taken 6 milligrammes 
altogether. A very considerable effect was produced on the vitality of the 
trypanosomes, as a ra,t inoculated from the bone-marrow of one of the 16-day 
rats did not show trypanosomes in the blood until the ninth day after 
inoculation. Whether neutralised or not, sores were produced at the points 
•of injection. The spleen was found post mortem to be about as large as 
that of the controls. 

Atoxyl. 

This substance, which was first used by Thomas and Breinl, has been 
found by Ehrlich and Bertheim to be the sodium salt of para-amido-phenyl- 
arsenic acid, with the formula 

ISrH2(C6H4)AsO.ONa.OH,3H20, 

and Moore, Merenstein, and Todd* have confirmed this view of its com- 
position, which differs from that originally published, which stated it to be an 
anilide of metarsenious acid. 

This is the most important substance, so far discovered, in relation to the 
treatment of trypanosomiasis. In all cases of ISTagana and Surra (with the 
exception of the atoxyl-proof cases mentioned below), atoxyl causes the 
entire disappearance of the trypanosomes from the blood, so that rats 
inoculated with the blood when it was microscopically free from parasites 
failed to take the disease ; but the trypanosomes, in our experience, have 
invariably recurred, and death was only delayed for a period varying with 
the dose and with the time of commencement of the treatment. When the dose 
was sufficient, e.g., 1 to 1*5 c.c. of a 5-per-cent. solution in three to five doses 

■^ "On the Treatment of Trypanosomiasis by Atoxyl .... followed by a Mercuric 
^alt," etc., * Biochemical Journal,' vol. 2, Nos. 5 and 6. 
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(a dose being given every, or every other, day), even after as many as four, 
recurrences the spleen was generally iomidijpost mortem to be very little or at 
most moderately enlarged. A too large dose apparently produced wasting, 
and a bad condition of the hair, and, we think, a quicker return of the 
trypanosomes. 

When atoxyl is given more continuously or too freely than is required, in 
cases in which there have been many recurrences, and probably under some 
other conditions of which we are ignorant, in a certain small proportion of 
rats so treated a race of trypanosomes is produced which entirely resists 
atoxyl, and continues to develop and multiply in spite of continued exhibition 
of the drug. This strain, when inoculated into fresh rats, retains its resistance 
to atoxyl. Ehrlich, who has produced such a strain in mice, calls them 
" atoxyl-fest," and we have obtained this atoxyl-proof variety of trypano- 
some in rats, both in Kagana and Surra, of which mention will be made 

later. 

1. Monophenylarsenic acid, 

2. Nitrojphenylarsenic acid. 

3. Paratolylarsenic acid. 

These three bodies were sent for experimental purposes to Professor 
Cushny, E.R.S., by Professor Michaelis, who discovered them. They are of 
interest in connection with the treatment of trypanosomiasis, since atoxyl is 
an amido derivative of phenylarsenic acid, which was also discovered by 
Michaelis. They are extremely poisonous substances, and were given in doses 
of 1 c.c. of a solution of 1/400. 

1. Monophenylarsenic acid. — This, in common with other arsenic com- 
pounds, notably affected the development of the trypanosomes. In doses of 
1 c.c. of 1/400, repeated once or twice in untreated animals, ib diminished 
greatly the number of trypanosomes ; and in three recurrent cases, after 
initial treatment with atoxyl, it caused the trypanosomes to disappear, but it 
did not save any animal ; and it is, as are all these three compounds* 
poisonous in effective doses. 

2. Mtrophenylarsenic acid. — In untreated animals, and in two recurrent 
cases after atoxyl, this caused a temporary disappearance of the trypanosomes ; 
in a case of second recurrence after atoxyl, it produced no effect on the 
trypanosomes. It is the most poisonous of the three. 

3. Paratolylarsenic acid. — This caused a more effective disappearance of the 
trypanosomes than the other two compounds, and it was better borne. One 
Nagana rat, treated only with it from the beginning, lived for 25 days, having 
had, however, three recurrences during this period. At each recurrence the 
trypanosomes disappeared after two doses of 1 c.c. of 1/400. In recurrent 

VOL. LXXIX. — B. 2 o 
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cases after atoxyl a temporary disappearance of the trypanosomes was also 
effected. 

Other Arsenic Compounds. 

Arrhenal (di-methyl sodium arseniate) and sodium cacodylate were 
also tried, but were found to have no effect whatever on the course of the 
disease, nor upon the development of the trypanosomes either in first infections 
or in recurrences. 

Other Bodies-. 

Fluorescein was tried without any effect : and also sodium oinnamate, on 
account of its reputed property of producing leucocytosis, which might have 
been useful from the phagocytic standpoint. Bat it failed to have any effect 
in these diseases. 

Treatment with two or more Drugs, 

The deduction from the above-mentioned experiments with single bodies 
is that, at the present time, there is no substance known which alone will 
cause a permanent disappearance of the trypanosomes from the affected 
animal, i.e., effect a cure ; so that experiments have been carried out to see 
whether any combination of bodies would produce the desired effect. The 
compounds of mercury seemed from their known properties to be the most 
promising, and the results of experiments in this direction, lately published 
by Drs. Moore, Merenstein, and Todd, are most encouraging. We have not 
used the form of mercury (liq. hydrarg. perchlor.) with which these good 
results have been obtained, but we have used the lactate, sozoiodol, and 
succinimide, and also Donovan's Solution (liq. arson, et hydrarg. iodid.). Of 
these the succinimide appears to us to be the best, as it is unirritating, and 
will apparently mix with atoxyl without change — at any rate it does not 
interfere with the action of the atoxyl; the lactate is very irritating, even in 
doses of one-third of a minim of the ordinary hypodermic solution, and it is 
not so effective as the succinimide ; the sozoiodol appears to come between 
these two in point of efficiency. But in our experience there is a great 
difference in the individual equation of rats with regard to dosage and 
poisonous effects, which the consideration of relative weight does not help us 
to gauge, so that there ha^ been difficulty in ensuring the best method of 
giving these drugs, and of . determining their appropriate, quantity. The 
duration of the disease has been very greatly prolonged in niost cases, and in 
some we have confidence that a cure has been effected. 

Of all the substances tried, atoxyl has had by far the most favourable 
action, and it is easily tolerated, and produces no irritation. But, as mentioned 
before, it has no permanent effect; it causes the disappear^ce of the 
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trypanosomes from the blood, even when in very large numbers, but there 
remain behind certain forms of the parasites which can resist it, and which 
after an interval can reproduce the general infection with the indifferent forms. 
These recurrences can take place, in our experience, up to as many as seven 
times. The resistant forms appear to be located in the intermediate 
periods in the bone-marrow, but there is some doubt about this yet, as in 
some cases we have failed to produce an infection, even with a quantity of the 
marrow. It is probable also that some of these resistant forms may be found 
in the glands, and observations are being carried out on these points. But 
when an infection is produced from the marrow of these atoxyl-treated rats, 
the incubation period is very much prolonged, and it may be as long as 
nine days before trypanosomes can be found in the bldod of the inoculated 
animals. 

Atoxyl appears to act not by virtue of the arsenic in it alone, but its effects 
are probably due to this in combination with some other of its constituents, 
as its action is much more rapid and complete than that of any other of the 
simpler arsenic compounds which we have tried. 

The following Tables I and II give the results of treatment with atoxyl 
and succinimide of mercury .-this latter has been given either with the atoxyl 
or immediately after it, the best method being, we think, to give two or three 
doses of atoxyl and to give a dose of succinimide of mercury at the same time 
as the second and third doses, with perhaps one after. Some of our rats have 
had too much, and we are now giving less with better effect. The succinimide 
has the ffreat advantage of being unirritatinsf to the tissues, and it will mix 
with atoxyl without precipitation, and without, at any rate, interfering with the 
action of the latter. 
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Table I.— -ISTagana Eats treated with Atoxyl and Succinimide of Mercury. 

Average duration of untreated disease, 5*5 days. 



Ho. 



10 
11 

13 
14 

15 
16 
17 



18 



20 



21 



Weight. 





gramiiK 


1 


175 


2 ■ 


210 


3 


250 


4 


200 


5 


175 


6 


150 


7 


200 


8 


150 


9 


175 



175 
125 
200 
160 
210 
175 
190 
200 



175 



160 
160 



150 



Quantity 

of 5 p. c. 

atoxyl. 



C.G. 



2 
2 
2 
2 
2 
1 
1 
2 



•4 

•85 

1 

1 

■0 

8 
8 

75 



2-6 

3-0 

1-8 

1-2 

2-8 

4*5 

1-75 

1-4 

4-1 



6-3 



4-1 
3-7 



0'7 



Quantity of 
succinimide 
of mercury. 



Recurrences. 



milligrammes. 
1*6 
1 -75 
2-5 
2-75 
0-75 
1-25 
1-25 
2-0 
1 -25 

1-25 

0-8 

0-75 

0-75 

1 -75 

0-5 

0-25 

1-75 



2-0 



0-75 
0-5 



0-75 



Lived. 





days 


2 


23 


1 


30 


1 


28 







1 


27 












6 


79 





22 



1 



1 

3 
4 


4 



3 
3 







38 

36 

59 



42 



107 



61 

44 



Had young on 20t}i day. 
Bid not die of disease. 
Kidneys degenei'ated. 
Living 143 days. 
Did not die of disease. 
Living 140 days. 
Living 136 days. 

Succinimide given too long 

after the atoxyl. 
Living ^2 days. 

LAmng 85 days. 



Livivg 78 days. 

Jjiving 75 clays. 

Trypanosomes plentiful at 
time of death, probably 
atoxyl -proof. 

This rat had 5 minims, of 
Donovan's Solution on 
the initial appearance of 
trypanosomes, but, as it 
had no effect, atoxyl, 
and subsequently succin- 
imide, w^ere given. 

Gj-iven paratolylarsenic 
acid after third recur- 
rence, vi^hich killed the 
rat. 

Living 37 days. 
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Table II. — Surra Eats treated with Atoxyl and Succinimide of Mercury. 

Average duration of untreated disease, 6'9 days. 







Quantity 


Quantity of 


1 






No. 


Weight. 


of 5 p. 0. 


succinimide 


Recurrences. 


Lived. 







grammes. 


atoxyl. 


of mercury. 


i 






c.c. 


milligrammes. 




days. 




1 


175 


1-5 


2-25 





43 


Did not die of disease. 


2 


175 


1-5 


2-25 





68 


Did not die of disease. 


3 


150 


1-5 


1-25 





44 


Did not die of disease. 


4 


200 


5-1 


2-75 


3 


63 




5 


125 


1-8 


1-5 







Living 137 days. 


6 


125 


1-8 


0-5 





120 


Did not die of disease. 


7 


155 


1-8 


-75 


1 


24 




8 


175 


2-45 


1-0 


1 


23 


This quantity of succin- 
imide produced an acute 
nephritis in this rat, with 
necrosis of the epithe- 
lium of the convoluted 
tubes, and many haemor- 
rhages. 


9 


160 


3-3 


1-0 


1 




Living 91 days. 


10 


150 


3-0 


0-75 


4 


55 




11 


150 


2-4 


0-75 


2 


32 




12 


160 


2-1 


0-37 


1 


22 


Treatment suspended on 
10th day. 


13 


160 


1-8 


0-25 


2 


32 


Did not die of disease. 


14 


145 


2-1 


0-75 







Living 42 days. 


15 


120 


1-9 


0-5 







Living 39 days. 


16 


125 


3-0 


1-0 


2 


34 


This rat had 2 c.c. iodipin 
on 3rd day. 


1.7 


200 


4-1 


1-75 


4 


42 




18 


145 


1-05 


0-25 







Living 42 days. 


19 


120 


0-95 


0-5 





— 


Living 39 days. 


20 


145 


1-05 


0-65 







Limng 33 days. \ 


21 


125 


2 1 


0-75 


3 


54 


This rat had at the out- 
set 8 mgms. in all of 
arsenious acid, the atoxyl 
being given on the first 
and subsequent recur- 
rences. 


22 


155 


1-5 


1-0 


1 


32 


This rat had also initial 
treatment with arsenious 
acid, of which it had 
6 mgms. in all, the 
atoxyl being given on 
the first recurrence. The 
rat did not die of the 
disease, but from injury 
during pregnancy. 



(See also No. 8, Table III.) 

Table III gives the results of treatment with atoxyl and mercury sozoiodol, 
from which it will be seen that the results are not so good as those with 
succinimide of mercury. Mercury sozoiodol will not mix with atoxyl, a 
dense precipitate being formed when the solutions are mixed. The solution 
used was the ordinary hypodermic solution (1*5 per cent.) prepared by 

Martindale. 

2 o 2 
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Table III. — Nagana and Surra Eats treated with Atoxyl and Mercury Sozoiodol. 
Average duration of untreated diseases 5*5 and 6*9 days resjjectively. 



Disease. No. 



JSTagana 



Surra ... 



r 



8 



V. 



9 



Weight. 



grammes. 
200 
150 
145 
155 

275 
150 
315 
150 



150 



Quantity 

of 5 p. c. 

atoxyl. 



c.c. 
1-36 
1-4. 
1-8 
2-4 

1-8 
1-8 
5-7 
6-8 



2-7 



Quantity 

of mercury 

sozoiodol. 



mimms. 
1 
1 
1 

U 
1 

1§ 

u 



Kecur- 
rences. 



Lived. 



1 
1 

1 




4 
7 



days. 
24 
26 

26 



35 

59 

81 



33 



Living 108 dai/s. 



Living 122 days. 
Did not die of disease. 

After second recurrence 
with mercury sozoiodol, 
succinimide of mercury 
was substituted, of which 
0*75 mgm. was given in 
all. 

After first recurrence, this 
rat was given succinimide 
of mercury, of which it 
had 1 mgm. in all. 



I 



Table lY gives the results of treatment with atoxyl and lactate of mercury, 
which are less good than those with succinimide and soziodolate of mercury. 
This drug has the disadvantage of being very irritating to the tissues, and 
also of forming a precipitate when mixed with atoxyl. The solution used 
was the ordinary hypodermic solution (2*5 per cent.) prepared by Martindale. 

Table IV. — ISTagana and Surra Eats treated with Atoxyl and Lactate of Mercury. 
Average duration of untreated diseases, 5*5 and 6*9 days respectively. 



Disease. 



No. 



Weight. 



Quantity 
of 5 p. 
atoxyl 



c. 



Quantity of 
lactate of 
mercury. 



Recur- 
rences. 



Lived. 



Nagana 




grammes. 
175 
150 
150 
175 



c.c. 
1-85 
2-1 
1-5 
3-65 





r 5 


200 


3-9 




1 6 


275 


3-45 


Surra 


< 7 


175 


1-2 




8 


315 


3-6 




L 9 


125 


3-0 

1 



mmims. 
1 
1 
1 
1 



1 
1 
1 



3 



days. 



1 


25 


1 


26 





23 


1 


31 


1 


32 


1 


30 





21 


1 


24 


2 

i 


35 



This rat had 0'5 mgm. of 
succinimide of mercury 
after first recurrence. 



Did not die of disease. 

This rat had 1 mgm. of suc- 
cinimide of mercury after 
first recurrence. 
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Table V gives the results of a few experiments made with atoxyl and 
Donovan's solution (lig. arsenic - et hydrarg. iodid.) which are somewhat 
encouraging. During the last month a fresh and more extensive series of 
experiments have been started. The poisonous effects of Donovan's solution 
show themselves in the intestines, which become intensely inflamed, whereas 
the effects of too large doses of succinimide of mercury show themselves 
principally in the kidney, in the form of an acute inflammation going on to 
necroses with multiple haemorrhages. 

Table V.— N"agana and Surra Eats treated with Atoxyl and Donovan's Solution. 
Average duration of untreated diseases, 5*5 and 6*9 days respectively. 





. 




Quantity 


Quantity of 


Recur- 






Disease. 


No. 


Weight. 


of 5 p. c. 


Donovan's 


Lived. 




1 






atoxyl. 


solution. 


rences. 










grammes. 


c.c. 


minims. 




days. 


ISTagana 


1 


130 


1 -8 


5 


2 


38 


This rat had 2*5 c.c. 1/400 
monophenylarsenio acid 
after first recurrence ; this 
removed the trypanosomes 
from the blood, but a 
second recurrence took 
place 11 days later. 




r 2 


175 


3-7 


17 


4 




Living 67 days. 




8 


150 


2-4 


15 


3 


72 






4 


200 


2-25 


4 
+ 0*5 c.c. 


1 


28 


The 0*5 c.c. of Donovan's 
solution was given to test 
dosage.* Next day the 


Surra 


< 












rat became very ill, and 
died two days after with 
acute enteritis. No kidney 
lesion. 




5 


190 


2-25 


5 


1 


23 






L 6 


300 


1-0 


8 







Living 36 days. 



* See x^aper by Drs. Moore, Nierenstein, and Todd, before referred to. 

Table VI gives the results of a series of experiments made with atoxyl 
and iodipin. This latter is a solution, or mixture, of iodine in oil of sesame, 
made by Merck, who kindly placed some at our disposal, and it is stated, to be 
un irritating, and it can be given in large doses with safety. The results are 
sufficiently encouraging to suggest a further trial of this combination. The 
oil takes a very long time to get absorbed ; it becomes colourless from 
absorption of the iodine, and appears to cause no irritation in the tissues. 
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tiiiu ±uu.i]Jiii. jiA^vcicigt; 


duration of 


untreated disease, 5* 


5 and 6*9 days 


respectively. 


Disease. 

• 


No. 


Weight. 


Quantity 

of 5 p. c. 

atoxyl. 


Quantity of 
iodipin. 


Recur- 
rences. 


Lived. 








grammes. 


c.c. 


^'.C. 




days. 


. 




f 1 


■2Y5 


4-9 


7-5 


2 


35 






2 


150 


5-4 


9-5 


5 


71 


' 




3 


150 


1-8 


6-0 





26 




Nagana 


i 4 


195 


1 -5 


2-0 





112 


Did not die of disease. 




. 5 


175 


2 -1 


6-0 


2 


23 


Did not die of disease. 




6 


275 


4-0 


7-5 





29 


Did not die of disease. 




L 7 


175 


4 -5 


7-0' 


3 


44 






r 8 

1 


175 


1-9 


4-0 





57 


Had eight young towards 
end of treatment. 


1 


! 9 


195 


1 -5 


2-0 





: .. 


Living 132 days. 


1 


10 


195 


1-5 


2-0 







Lining 132 days. 


i 


11 


143 


6-6 


12-0 


2 


44 




Surra ... 


<;i2 


250 


4-1 


4-0 


1 


29 


Did not die of disease. 


i 


13 


250 


4-0 


4-0 


2 


24 






14 


215 


4-5 


6-5 







Licing 103 days. 




15. 


165 


2-9 


4-5 


2 


33 1 






16^ 


150 


3-3 


6-0 


3 


31 


Did not die of disease. 




Ll^ 


150 


1-8 


2-5 


1 


20 


Did not die of disease. 



The Prod/udion of an Atoxyl-fToof Race of Tryfanosomes in Eats. 

This phenomenon is of great biological and therapeutical interest, and 

^eds much further research yet, both for its explanation, and its bearing on 

eatment. 

In certain rats, after treatment with atoxyl, a number of recurrences may 
take place — we have seen as many as seven ; these recurrences at first yield 
to treatment with atoxyl, but as the case progresses towards its end, the 
reGurrences occur at shorter and shorter intervals, until one comes to a time 
when they can be no longer affected by atoxyl. The trypanosomes in this 
case have become atoxyl-proof. Ehrlich succeeded in producing an atoxyl- 
proof strain of Nagana in mice, and we have succeeded in producing atoxyl- 
proof strains of both ISTagana and Surra in rats. One point of importance 
biologically is that these atoxyl-proof trypanosomes do not lose their 
resistance to atoxyl on transference into other rats, and we have carried this 
strain on in ISTagana through a series of eight successive rats, and in Surra 
through a series of six rats without any loss of their atoxyl-proof properties. 
When treated with atoxyl, even in large doses, multiplication goes on just as 
rapidly as in untreated animals, and the rats die at the usual time. Our 
cases have been given atoxyl to test them, and have been then treated with 
various substances, as set forth in the table below. Of these substances, 
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irypanroth and some form of mercury have given the best results. In 
thinking of human trypanosomiasis in this connection, the danger of the pro- 
duction of an atoxyl-proof strain will be at once apparent : so that atoxyl 
should be given to human beings with the greatest care and forethought. 

The following Table VII summarises the few results we have obtained so 
far. Eat No. X was inoculated from a Nagana rat which had become 
uninfluenced by atoxyl after the third recurrence, before which large and 
repeated doses had been given : and Eat No. 11 was inoculated from a Surra 
rat in a similar condition. 
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